Conclusions
Transection in the pancreatic neck, stapler closure of thin parenchyma, and handsewn closure of thick parenchyma were associated with significantly lower risk of POPF.
Background
Postoperative pancreatic fistula (POPF) is common complication of distal pancreatectomy, occurring in up to 61% of patients [1] . POPF is the main cause of morbidity after distal pancreatectomy, increases the healthcare costs, and further increases the risk of potentially fatal complications, including sepsis, vascular events, and haemorrhage [2] . Although advances in surgical technique and perioperative care have decreased the mortality rate after distal pancreatectomy to <2%, the incidence of POPF has remained unchanged [3] .
Stapled and hand-sewn closure of pancreatic stump are two basic techniques, with many derived modifications having been developed. Several meta-analyses and randomized controlled trials (RCTs), however, did not prove efficiency of any measure purposed to reduce the risk of POPF, including stump closure technique (stapler versus hand-sewn or compared to pancreatojejunostomy, etc.) or stump reinforcement (fibrin sealant, autologous patches) [4] [5] [6] [7] [8] [9] [10] [11] . This body of high-level evidence has contributed to a sense of futility of efforts to reduce the incidence of POPF. However, technical factors with proven impact on POPF risk, such as pancreatic parenchyma thickness, were omitted in the design of these RCTs, which focused on stump closure technique. Furthermore, Eguchi et al. suggested that thickness at the transection site can further influence selection of the stump closure technique [12] . Therefore, conclusions of these RCTs that focused on stump closure technique might be of limited utility as each closure technique could be suitable for specific target group. Even if there are suggestions of major disadvantages of stapled closure of thick pancreatic stump, evidence supporting a superiority of stapled closure of thin stump and hand-sewn closure of thick stump is still lacking.
To address this gap in current evidence, the aims of our study were to investigate the possibility to influence POPF risk by selection of stump closure technique according to the pancreatic parenchyma thickness, and to establish a thickness cutoff value for selection between the hand-sewn and stapled closure techniques. Continuous variables were expressed as median value and range, between-group differences tested using the Mann-Whitney U-test. Categorical data were described by the percentage, with between-group comparisons tested using Fisher´s exact test or chi-squared test, as appropriate. Outcomes were expressed as odds-ratio (OR) with 95% confidence-interval (CI). Univariate analysis was performed to establish factors associated with pancreatic leak (CR-POPF or BL) and multivariate logistic regression analysis was performed to determine independent predictors of pancreatic leak. All statistical tests were two-sided, with the level of statistical significance set at a p-value <0.05. All statistical analyses were performed using StatsDirect software, Version 3.1.20 (Cambridge, UK).
Methods

Results
Patient data and perioperative characteristics
One hundred and fifteen patients were enrolled into our retrospective study. Four distal pancreatectomies were performed laparoscopically, and 111 as an open procedure. Their baseline characteristics and perioperative variables are shown in Table 1 . There were no significant differences between patients' demographics between the groups, except for the male-to-female ratio. As sex does not exert a confounding influence on stump closure selection or outcomes [16] , propensity matching was not performed. Even if procedures with stapled pancreatic stump tended to have shorter operative time than procedures using a hand-sewn closing technique (median time 180 versus 210 min., p = 0.037), other perioperative variables did not differ among stump closure groups.
The distribution of pancreatic thickness as a function of pancreatic leak (CR-POPF or BL) occurrence and stump closure technique is shown in Fig.2 . ROC analysis for pancreatic transection site thickness to predict pancreatic leak in both stapled and hand-sewn groups established the same optimal cut-off thickness value for both techniques, 13 mm ( Fig.3) . Therefore, the 13 mm cut-off was used to divide patients into the thin and thick pancreas group and to investigate the outcomes of each stump closure technique according to pancreatic tissue thickness.
Outcomes
Outcomes of this sub-group analysis are depicted in Table 2 . The CR-POPF rate for the entire cohort was 33%, and did not differ between the stapler and hand-sewn group, when investigated irrespective of pancreatic thickness (OR, 0.71; 95% CI, 0.32-1.57; p = 0.426). Closure of a transection of a thin pancreas using a stapler was associated with a lower risk of CR-POPF than hand-sewn closure (OR, 0.06; 95% CI, 0.006-0.34; p=0.0002). Vice versa, stapled closure of a thick pancreas was associated with significantly worse outcomes than with a hand-sewn closure (CR-POPF OR, 6.75; 95% CI, 1.7-28.4; p=0.0023).
The overall 90-day mortality rate for the entire cohort was 2.6% (3/115 patients), with an extended resection being associated with all cases of mortality (OR ;95% CI, 2.96 -infinity; p = 0.0046), rather than stump closure technique (OR, 0.35; 95% CI, 0.006 -6.9; p = 0.446). All three patients died after extended resection. All deaths were associated with POPF, followed by gastrointestinal anastomosis leakage in both cases of multivisceral resections or thrombosis of vascular reconstruction in the other case. The mortality rate was not significantly different between the thin and thick pancreas groups for either stapled or hand-sewn stump closures.
The morbidity after stapled and hand-sewn group, irrespective of parenchyma thickness, was similar (OR, 0.67; 95% CI, 0.28 -1.57; p = 0.33). A difference between the two closures was, however, identified between the two thickness subgroups. In the thin pancreas group, the OR of morbidity was 0.22 (95% CI, 0.06 -0.77; p = 0.008), whereas is in the thick group, all patients who underwent a stapled closure developed complications (OR 95% CI, 3.04 -infinity; p = 0.0012).
The rate of severe complications did not differ neither in the overall cohort (OR, 0.85; 95% CI, 0.36 -2.04; p = 0.695) nor in both thickness -subgroups (thin OR, 0.34; 95% CI, 0.09 -1.32; p = 0.086; thick OR, 2.66; 95% CI, 0.73 -9.95; p = 0.107, respectively). Overall, the rate of POPF and morbidity, as well as the LOS was significantly lower when a thin pancreas was stapled and a thick hand-sewn.
Univariate analysis of risk factors identified an association between pancreatic leak (CR-POPF or BL) risk and a parenchyma thickness at the site of transection ≥13 mm and transection beyond the pancreatic neck (Table 3. ). On multivariate analysis, only a parenchyma thickness ≥13 mm was retained as an independent predictor of pancreatic leak (OR, 3.85; 95% CI, 1.26 -11.8; p = 0.018).
Discussion
The main findings of our study were as follows. (1) As published by others [3] , the risk of POPF did not differ between stapler and hand-sewn stump closure, irrespective of the parenchyma thickness. POPF remains an unresolved problem of distal pancreatectomy due to its frequent occurrence and serious sequelae. Stump closure techniques have been extensively researched as a factor with presumed fundamental importance for POPF risk. In accordance with previous findings [3, 6, 9] , we did not identify a specific difference in POPF outcome between stapler and hand-sewn closure when analysed irrespective of transection site thickness. Previous retrospective studies on the influence of pancreatic parenchyma thickness on POPF risk concluded that stapled closure of stumps thicker than 12 mm as being associated with an unacceptable risk of POPF, with a suggestion that no stapler cartridge can safely seal a stump thicker than 12 mm [17, 18] . This conclusion reflects generally known experience with the crushing that is caused by a stapler used with a thick pancreatic parenchyma, with subsequent pancreatic fistula. But none of these previous studies compared different stump closure techniques according to pancreatic thickness and none focused on identifying the optimal closure of thick pancreatic stump. Therefore, observing a difference between stump closure techniques as a function of parenchyma thickness at the site of transection in both the thin and thick subgroups and determining of an optimal thickness cut-off in this retrospective study may be of clinical importance.
Another factor indirectly associated with parenchyma thickness is the anatomical site of transection. Pannegeon et al. concluded that transection beyond the pancreatic neck increases risk of POPF [19] . The pancreatic neck is the thinnest part of pancreas in majority of cases, and therefore, is the most appropriate site of transection from the perspective of POPF risk. A parenchyma thickness of <13 mm was strongly related to transection through the pancreatic neck in our study. On the contrary, in the thick pancreas group, a significantly higher proportion of transections where performed through the body or tail, rather than the neck of the pancreas. Our multivariate analysis identified parenchyma thickness was the only independent predictor of POPF, rather than transection beyond the anatomically defined pancreatic neck. Therefore, association between a lower risk of POPF with transection through the neck of the pancreas, in our opinion, results from the coincidence of a small parenchyma thickness at the neck of the pancreas. This could also explain the lower rate of POPF observed after distal pancreatectomies due to pancreatic cancer -with mandatory transection of the pancreas through the neck, as reported by Ecker et al. [16] .
The correct technique of stapler parenchyma transection for distal pancreatectomy is quite different than the technique used for the stomach or bowel, with performance of the technique being of critical importance to outcomes. A considerably lower rate of POPF was identified after stapled closure of thin pancreatic stump in our study confirms the importance of gradually increasing pressure on the stapler jaws and using an extended time to perform the procedure, as necessary, rather than adhering to pre-firing time, as first described by Okano et al. and Nakamura et al. [20, 21] . Hirashita et al. reported a clinically relevant decrease in POPF rate (grade B+C) from 42.1% to 5.3%, caused only by introduction of slow parenchyma compression and a prolongation of the pre-firing time to 10 min [22] . This is comparable with our results (rate of POPF grade B 4,6%, grade C 0% in thin pancreas divided by stapler). Comparison to the clinically relevant POPF rate 43% reported in stapler arm of the DISPACT trial [6] (where stapler technique was not specified regarding to pre-firing time).
The major limitation that can impact the interpretation of the results of this study is its retrospective design. Although thickness-groups were homogenous with regard to baseline characteristics, an unmeasured confounding factor cannot be ruled out.
Conclusions
In conclusion, we identified the following factors as potential targets for reducing the risk of POPF. First, dividing the pancreas at its thinnest part (i.e. in the neck), as much as possible, and selecting the stump closure technique according to its thickness -with stapler closure preferred for a thin parenchyma and hand-sewn closure for a thick one. Strategies focused on different stump management that are based on morphological criteria will need further evaluation in the randomised controlled setting. Whereas the difference between stapler and hand-sewn closure of thin stump seems to be very pronounced according to non-randomised studies, randomisation may face an ethical problem. Even if hand-sewn closure of a thick pancreatic stump results in significantly better outcomes than that with stapler, POPF rate still remains relatively high. Therefore, a randomised controlled trial comparing hand-sewn closure with pancreatojejunostomy may represent an encouraging perspective to solve this problem. Pancreato -(gastro)-jejunostomy can be an optimal solution for a thick and hard pancreatic stump, as suggested by Karabicak et. al. [1] . Confirmation of this presumption in a randomised controlled trial is also needed. Figure 1 Anatomical determination of the pancreatic transection site and its thickness measurement Receiver operating characteristic (ROC) curves of transection site thickness to predict pancre
